INTRODUCTION
============

Arteriovenous fistula (AVF) is considered the access of choice for hemodialysis due to its lower rates of infectious and noninfectious complications and lower costs of treatment compared to grafts and central catheters.[@B1] The thrombosis of a definitive access for hemodialysis, be it a fistula or graft, is an acute event that can interrupt dialysis treatment, with need for catheter insertion if untreated. The major cause of AVF thrombosis is the presence of venous stenosis due to intimal hyperplasia, causing low flow and finally access thrombosis.[@B2] ^,^ [@B3] The treatment of AVF thrombosis can be surgical with thrombectomy or pharmacological with thrombolytics, followed by angioplasty of the causative stenosis, with similar results between these modalities.[@B4] ^-^ [@B9] In Brazil, there are few centers with immediate access to fluoroscopy and trained personnel for the treatment of AVF thrombosis, and current management is usually the implantation of a catheter until the creation of a new access. This practice, in addition to depleting the patient\'s vascular bed, seems to be costlier to the health care system due to a greater need for intervention and hospitalization in patients with catheters.[@B10] We describe here the initial experience of the *Interventional Nephrology Center (INC) of Pró-Renal Brazil Foundation* in the management of thrombosis of vascular access through pharmacological thrombolysis followed by angioplasty.

MATERIALS AND METHODS
=====================

STUDY DESIGN
------------

This was a retrospective study using prospectively tabulated data from the vascular access program of the INC of Pró-Renal Brazil Foundation.

PATIENT POPULATION
------------------

This INC assists approximately 700 patients of four chronic hemodialysis clinics, and as of March 2014, the center has implemented a vascular access program, consisting of Doppler access surveillance, venous stenosis angioplasty, and pharmacological thrombolysis followed by angioplasty of thrombosed access.

We included 40 patients on hemodialysis with vascular access thrombosis who underwent pharmacological thrombolysis from August 2014 to January 2017.

PROCEDURES
----------

Salvage procedures were performed at INC in an outpatient setting, with patients being discharged on the same day. Access was evaluated by ultrasonography in the immediate preoperative period to confirm the diagnosis of thrombosis, and evaluate the thrombus extension and presence of venous stenosis. The contraindications to salvage were history of resistant or intractable stenosis in previous angioplasty and large thrombus volume (for example, an aneurysmatic cephalic vein with thrombus filling its whole extension in the arm).

The procedure consisted briefly of puncture of the AVF, insertion of a 7F introducer by Seldinger technique and passage of a hydrophilic guide through the stenosis. Next, infusion of 1 mg/mL alteplase (Actilyse^®^, Boehringer Ingelhein, Germany) via the catheter or by the introducer was done in the region near the anastomosis. Serial angiography and transoperative ultrasonography were performed to monitor thrombus resolution and the stenosis ([Figure 1](#f1){ref-type="fig"}). After return of flow or partial resolution of the thrombus, angioplasty of the culprit lesion with a non-compliant balloon (Mustang^®^, Boston Scientific, USA) was performed. As an exception, two salvage procedures were guided exclusively by ultrasonography ([Figure 2](#f2){ref-type="fig"}) and not by fluoroscopy.

Figure 1Femoral graft thrombolysis guided by angiography. A, Contrast injection through catheter in the arterial anastomosis showing flow only in the femoral artery, without contrasting the graft. B and C, After alteplase infusion in the arterial anastomosis there is return of partial flow in the graft. D, Angioplasty of the venous anastomosis. E, Final result showing return of flow in the graft.

Figure 2AVF thrombolysis and angioplasty guided by ultrasound (US). A, Juxta-anastomotic region US showing flow on color Doppler and echogenic thrombus (arrow) in the AVF. B, US showing vascular introducer inside the AVF. C, Hydrophilic guidewire passing through the thrombus (arrow). D, After alteplase infusion the thrombus was dissolved. US showing absence of thrombus on the stenotic region. E, F, G, Sequential images of balloon angioplasty. On picture F, the presence of a \"waist\" on the balloon (\*) confirms the presence of stenosis. H, Confirmation of blood flow on the AVF on power Doppler. I, Intra-access blood flow quantified in 964 mL/min on spectral Doppler after procedure.

In cases of successful salvage but with residual cloth or a thrombus resistant to angioplasty, patients were maintained on acetylsalicylic acid 100 mg and clopidogrel bisulfate 75 mg until resolution of the thrombi, verified by ultrasonography during follow-up.

The use of hemodialysis access for at least 3 subsequent sessions was considered a clinical success.

FOLLOW-UP
---------

Patients were reassessed within 15 days after thrombolysis and placed on quarterly Doppler access surveillance for intra-access blood flow measurement and diagnosis of stenosis. New angiography was indicated in cases of a blood flow \< 600 mL/min or a 25% drop in relation to the baseline, or clinical alteration, such as difficulty in puncture or prolonged bleeding, associated with a diagnosis of stenosis \> 50% on Doppler.

OUTCOMES
--------

Access survival was evaluated by Kaplan Meier curves. Primary patency and secondary patency were defined based on the most recent guidelines.[@B11]

STATISTICAL ANALYSIS
--------------------

The chi-square test with a significance level of 0.05 was used to evaluate the correlation between patient characteristics (diabetes, gender, access site, or age group) with the success or failure of the procedure. Kaplan Meier non-parametric estimator was used for the survival functions, where the differences between the survival curves were considered significant if *p* \< 0.05, using the Log Rank test. Patients who died, underwent transplantation, switched between dialysis method or centers with functioning access were censored from the analysis.

RESULTS
=======

In the period from August 2014 to January 2017, 41 accesses with confirmed diagnosis of thrombosis from 40 patients undergoing hemodialysis were submitted to a total of 45 procedures.

Male patients comprised 62.5% of the sample; mean age was 57.4 ± 18.0 years. As for comorbidities, 75% of the patients had hypertension, 40% diabetes, 10% coronary artery disease, and 7.5% history of stroke. The majority of accesses were AVF (90%), 56% were proximal fistulas (brachiocephalic, brachio-median, and brachiobasilic), 34% were distal fistulas (wrist radiocephalic) and 10% were grafts. Thirteen accesses (28%) were less than 3 months old, and 84% were in use for up to 24 months. The earliest approached access had 3 weeks since creation and the oldest 51 months.

All patients presented thrombosis of the vascular access confirmed by ultrasonography and were submitted to pharmacological thrombolysis followed by angioplasty. Considering the number of procedures performed, 27 presented a successful thrombolysis outcome, 17 unsuccessful, and one presented AVF occlusion, precluding the progression of the material and treatment. For outcomes calculation, the case with occlusion was considered an unsuccessful procedure, totaling 18 unsuccessful and 27 successful procedures, with a success rate of 60%. Patients were followed for up to 18 months. The presence of diabetes, patient\'s gender, the site of the fistula, and the age group did not correlate significantly with the procedure success.

SURVIVAL ANALYSIS
-----------------

Patients with successful and unsuccessful thrombolysis at baseline were included for analysis of the survival of the accesses. [Figure 3](#f3){ref-type="fig"} shows the survival curves for the primary and secondary patency of the accesses.

Figure 3Kaplan Meier vascular access survival curves according to the primary patency (PP) and secondary patency (SP).

PRIMARY PATENCY ANALYSIS
========================

Of the 41 fistulas, 25 presented primary patency outcome (new angioplasty, death or loss of access) in the period. The primary patency of the accesses, that is, no need for new intervention or loss of access at 3, 6, 12, and 18 months was 53, 42, 39, and 33%, respectively.

SECONDARY PATENCY ANALYSIS
--------------------------

During the 18-month follow-up, 15 accesses were abandoned due to failure of the initial procedure and 4 due to definitive access thrombosis after initial thrombolysis. Secondary patency, that is, functional accesses in use, independent of new angioplasty or thrombolysis at 3, 6, 12, and 18 months was 58, 55, 52, and 52%, respectively.

If we consider only the accesses submitted to successful initial thrombolysis, that is, 60% of the cases, the secondary patency at 18 months was 80.63%.

COMPLICATIONS
=============

A total of 9 complications (20%) occurred, of which 3 (6%) were major complications, being one grade III hematoma, one anastomosis rupture, and a anaphylactic shock; the last two with need for hospitalization. There were 4 cases of grade I hematomas, that is, without access impairment. One patient presented grade III hematoma, due to perforation of the cephalic arch, which was occluded. This case was managed with compression and suspension of the procedure, without need of hospitalization, but with definitive loss of access and need for a catheter. There was a case of symptomatic hand arterial embolism, with pain during the procedure, treated with infusion of alteplase in the radial artery and improvement of the symptoms, without need for hospitalization or functional impairment. Two patients had significant clinical complications, one with anaphylactic shock, probably due to radiocontrast infusion, requiring intubation and ICU admission and another with bacteremia after the start of the procedure probably due to infected thrombus in the AVF, necessitating the suspension of thrombolysis. This patient did not need hospitalization. A case of anastomosis rupture occurred during early approach of a thrombus in a juxta-anastomotic region. This patient was approached at 3 weeks after AVF creation and we choose to perform the procedure due to the absence of adequate veins to make a new AVF. In this case, surgery was needed, which was performed by the team\'s vascular surgeon at the outpatient surgical center, the patient was kept hospitalized for observation. There was no functional impairment.

There were 3 deaths during the follow-up, however none was related to the procedures and all were after more than 30 days of the intervention.

DISCUSSION
==========

The experience reported here in hemodialysis access salvage, demonstrates that these cases can be managed by the nephrologist on an outpatient basis, provided that the necessary structure and trained staff are in place. The outpatient treatment strategy for access dysfunction is significantly cheaper than the inpatient strategy, leading to less missed dialysis sessions and less need for hospitalization.[@B12] ^-^ [@B13]

In our study, in which most accesses were native AVF (90%), we used the endovascular technique of pharmacologic thrombolysis and subsequent angioplasty of the venous stenosis. The literature shows a success rate of 76 to 94%,[@B5] ^-^ [@B7] ^,^ [@B14] ^-^ [@B18] with a greater chance of success for distal fistulas in some studies.[@B7] ^,^ [@B14]

[Table 1](#t1){ref-type="table"} provides data from the most recent literature. In our study, there was no difference in success between the different types of fistulae. However, we achieved a clinical success rate of 60%, below the previously mentioned studies. This may be due to the learning curve and to the fact that clinical success, that is, feasibility of hemodialysis, was considered the outcome, in contrast to the radiological success in some studies. However, despite the apparent lower initial success, our patency rates are close to other similar studies. In the two largest series of cases published with native arteriovenous fistulae performed at different centers by Nassar and Nikam, primary patency at 12 months was achieved in 17 and 44% of cases, respectively.[@B14] ^,^ [@B15] Our primary patency at 12 months was 39%, showing that the majority of accesses required reintervention. In the Nikam study, which used a technique very similar to ours, there is an important bias for comparison, since it included cases of acute failure due to severe stenosis generating very low flow and preventing access use, but without thrombus (42%), and cases with confirmed thrombosis (58%). In this important study, the presence of thrombosis conferred a worse primary and secondary patency to cases submitted to salvage (HR 1.9 / 95%CI, 1.2-3), which may explain our inferior results, since all cases presented here had thrombosis confirmed by ultrasonography. Regarding secondary patency, our results at 3, 6, and 12 months were 58, 55, and 52%, respectively. The literature shows secondary patency rates of 44 to 89% at 12 months.[@B5] ^,^ [@B15] ^,^ [@B16] ^,^ [@B19] The interpretation of these data is that, in our series, more than half of the accesses with thrombosis and submitted to salvage attempts continued to be used for up to 12 months, which reduces the need for central catheters.
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In our study, the vast majority of cases were treated within 48 hours of thrombosis, with the later cases being treated after 7 and 30 days. A therapeutic window considered good is an interval of 24 to 48 hours after thrombosis, although there is divergence in the literature, with some authors showing good results even after this period.[@B20] ^,^ [@B21]

Access salvage techniques include surgical thrombectomy, endovascular thrombectomy associated with angioplasty of stenosis with or without thrombolytics, and the use of specific devices for thrombus aspiration and lysis of clots (Angiojet^®^, Boston Scientific, USA/Arrow-Terotola^®^, Arrow Medical, England/Aspirex^®^, Straub Medical, Switzerland). It is agreed that almost all thrombosis are related to venous stenosis and that these should be treated in order to avoid early recurrence.[@B1] In the most recently published case series, only 1% of thrombosis were not associated with any angiographic findings and only 3% were not related to stenosis.[@B14] ^,^ [@B15] Therefore, even if a surgical thrombectomy is performed, the correction of venous stenosis is essential. In a meta-analysis published in 2009, the 1-year secondary patency for endovascular salvage, as performed by us, ranged from 50 to 89%.[@B6] This study compared the results of surgical and endovascular techniques and concluded that the two modalities are comparable in the treatment of graft thrombosis, with an advantage for long-term surgical treatment only in native wrist fistulas.

Of note, Turmel-Rodrigues[@B7] found a better secondary patency at 12 months in the distal versus the proximal fistulae (81 *vs*. 50%). In our study, although we found a difference in secondary patency with advantage for distal fistulae, it did not reach statistical significance (*p* = 0.3012).

The importance of rescuing accesses for hemodialysis was very well explained by Coentrao,[@B10] who compared a historical cohort in which patients with vascular access thrombosis were submitted to catheter implantation and new AVF creation to a group of patients undergoing percutaneous thrombectomy followed by angioplasty. After 6 months of follow-up, 91% of the patients in the thrombectomy group were receiving hemodialysis through an AVF, compared to only 33% of the historic cohort of catheters, although most (22 of 24 patients) underwent a new AVF. This difference may also be due to the effect of saving accesses and to other factors involved after the implementation of a better care with the vascular accesses in relation to the historical cohort. We observed a similar finding in our service after the introduction of elective angioplasty of accesses with dysfunction and Doppler surveillance, which reduced the need for new fistulae. Furthermore, in this analysis, the author compared the costs of the thrombectomy versus the catheter approach, concluding that the costs where significantly higher for the second group (mean in USD 375 *versus* 706, *p* = 0.048), with the largest expenses due to hospitalizations. In the thrombectomy group, the main expense was the procedure itself (USD 232).

In our series, minor complications occurred in 13% (6 cases) of the procedures and major complications in 6% (3 cases). Two patients with major complications required hospitalization (4%), one due to anaphylactic shock and another due to rupture of the arteriovenous anastomosis requiring surgery. Both were discharged within a few days. We have considered our complication rate as high, especially the major ones. Complication rates are higher in cases of access thrombolysis in relation to elective angioplasty. The literature shows a complication rate of up to 8.4% depending on the technique used. [@B7] ^,^ [@B14] ^,^ [@B15] ^,^ [@B16] ^,^ [@B22]. Several studies cited the performance of the procedures by interventional nephrologists [@B8] ^,^ [@B14] ^,^ [@B18] ^,^ [@B22] ^,^ [@B23] ^,^ [@B25], with complication rates similar to other specialists.

Up to the present time and to the best of our knowledge, this is the first series of cases of vascular access salvage performed by nephrologists in Brazil. The procedures were performed on an outpatient basis, opening the possibility of a more agile and less costly care system. One of the strengths of our study is that all thrombosis were confirmed by ultrasonography excluding cases with only severe stenosis and low flow, which may possibly have a better outcome and better prognosis.

As negative points, this is a retrospective study, with a small number of patients, which evaluated the first salvage procedures performed by our interventional nephrologists, and results reflect the learning curve of the team.

We conclude that vascular access salvage procedures can be performed by nephrologists on an outpatient basis after specific training, reaching complication rates and long-term access patency consistent with the existing literature. Salvaged accesses reduce the need for central catheters, and possibly morbidity and associated costs. However, there is a frequent need for repeated procedures to maintain these accesses.
